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Dialysis 



Process by which the solute composition of a solution 
“A” is altered by exposing it to a second solution “B” 

through a semi-permeable membrane 



Necessary pre-requisites for 
Hemodialysis 



1) Semi-permeable 
membrane 

2) Anticoagulation 

3) Knowing what to 
remove and how much 

of it 



SCHEMA 



BATH SOLUTIONS 
THAT HAVE BEEN 
USED CLINICALLY 



Bath Solution mEq./l 



B 



4a 133 130 to 140 

I..' ...107,5 104 

( ..4 2-4 

1.5 1 

la ..5 2.6 

1C03....36 
;iu- 

;oso 400 mg. % 200 mg. % 

Jaths sometimes vary from 
hese solutions as required. ^ 



SCHEMATIC REPRESENTATION 
OF HEMODIALYSIS 



COIL MEMBRANE 
.001' THICK 




Proteins 
and 
protein 
bound 
molecules 



n 



Temperature 

controlled 

100‘Fir 



VIRUS 



o; 



cO 



pH 7.32 



BACTERIA 10% CO,. 90% 0, 






1773: Nurepuel isolates Urea by boiling urine in a 

pan 




1 828: Wohler 
synthesizes Urea and 
describes its molecular 

structure 





Thomas Graham (1 805-1 869) 



1 850 Glasgow, 
Scotland: 

Thomas Graham ‘s 
experiment to 
demonstrate diffusion 
across a semi- 
permeable membrane 
(Pergamon paper) 
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Dialysis Membranes 



□ 1 750:Advances in the development of smokeless 
gunpowder led to the synthesis of a strong 
Nitrocellulose called “collodion”. It was a combination 
of Nitric acid and cotton 

□ Addition of Camphor to this substance led to the 
synthesis of stable and strong “plastics” 

□ 1 957:Helmut Staldiger polymerized “Cellulose” 



1 91 3:The First Hemodialysis Experiment 
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1 937: William Thalhimer 
successfully lowers BUN by 
performing Hemodialysis 
in anephric dogs 






1 926:The First Human Experiment 



□ George Haas used a 
collodion tube 
arrangement to 
successfully dialyze 
human subjects 

□ Allergic reactions to 
impurities in Hirudin led 
him to abandon his 
experiments 
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1 937:Nils Alwall used 
the Alwall Kidney to 
perform the first ever 
hemodialysis treatment 
at the university of Lund, 

Sweden 
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Fistula 



Aneunsm from 
Arteriai needle 



White scar T 
tissue from 
site rotation 




Aneurism from 
Venous needle 





“ If I have seen farther it is because I have stood on 

the shoulders of Giants” 



Sir Isaac Newton 




Hemodialysis:History and Current 
Perspective 

□ History of Dialysis 

□ Principles of Hemodialysis 



Mechanisms of Solute transfer 



□ Diffusion 

□ Convection 

□ Osmosis 

□ Ultrafilteration 



Principles of Dialysis 







Solution A Solution B 



Solution A Solution B 



□ 


Solvent, low concentration 


Semipermeable membrane 


□ 


Solvent, high concentration 


=> Movement of molecules 


• 

• 


Solute molecules 





Fig. 1.1 a Diffusion, osmosis, and osmotic ultrafiLtraUon by osmotic pressure, b Hy drostatic ul- 
trafiltration. D diffusion. O osmosis, OV osmotic ultrafiltration. VF ultrafiltration by hy drostatic 
pressure, C convection 






Diffusive Clearance 



□ A result of random molecular motion 

□ Influenced by concentration gradient of the solute 
and its Molecular weight as well as by the 
membrane permeability to the solute 



Convective Clearance 



□ Water molecules passing through a SPM carry with 
them the solutes in their original concentration. This 
is called the “solvent drag phenomenon” 

□ Water can be made to move across a SPM by the 
application of either a hydrostatic or an osmotic 
gradient 



Convection vs. Diffusion 




small molecular wt 
1 substances (< 1 kD) 



large molecular wt 
substances (5 -50 kD) 





Clearance 



Convection vs. Diffusion 
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Molecular Weight 




The Hemodialysis circuit 



Extracorporeal blood circuit for hemodialysis 



Blood 



Heparin 

infusion 
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Fi& 2.3 Hemodialysis Setup 






Dialysis Membranes 



Membrane 


Hydr.Perm, 


Examples 


Biocomp. 


Regen. 

cellulose 


Low flux 


cuprophane 


Poor 


Modif. 

Cellulose 


Low/High 

Flux 


Cell.acetate 
Cell di-acet. 


Interm. 


Synthetic 


High/Low 

flux 


PAN,PS,PA, 

PQPMMC 


Good 



Type of dialysate 


Disadvantages 


Advantages 


Acetate-containing 


Intradialytic compli- 


— 


bicarbonate dialysate 

w 


cations. 

Activation of cells 
Activation of inflam- 
matory proteins 




Citrate-containing 


Decrease in Ca and 


Reduced dotting: 


bicarbonate dialysate 

w 


Mg 


• Increase in the 
dose of diaivsis 

9 

• Heparin-free 
acute/chronic 
dialysis 

• Reduced hepann 
chronic dialysis 

• Increase in reuse 

of dial vzer 
¥ 



The B-concentrate is usually 25 times concentrated and the A-concentrate either 

▼ 

35 or 45 times concentrated 



Dialysis Solution 



Component 


Concentration 

mmol/L 


Na 


140 


K 


2 


Ca 


1.25 (5 mg/dl) 


Mg 


0.5 (1.2 mg/dl) 


Acetate 


3.0 


Chloride 


108 


Bicarbonate 


35 


Glucose 


5.6 (100 mg/dl) 



Water Purification 



Dialysatc Circuit 



Water source 



Dlalysata concentrates' 



<z 



Back-flow 

valve 



Water trealment 



Filter 




Charcoal 
S filter 



r I 71 

H> / rn 



Deionizer 



Reverse 

osmosis 






Deaera 1 or 



=D H WV 
Heater 



B = 
= 



Proportioning 

system 




Coriductivrty 

monrtoc 




Tempe-alure 

_ . monitor 

Bypass valve. 



L 







Volumetric 
control syslem 



OaJyzer 



Bypass 

oirpuii 



Blood leak 

delactc-r 



■IDir am 




TOXIC WATER CONTAMINANTS 



CONTAMINANT 


SOURCE 


ADVERSE EVENT 


ALUMINUM 


MUNICIPAL WATER 


ENCEPHALOPATHY, BONE 
DISEASE, ANEMIA 


CHLORAMINES 


MUNICIPAL WATER 


HEMOLYSIS 


FLUORIDE 


MUNICIPAL WATER 


FATAL ARRHYTHMIA, BONE 
DISEASE (?) 


CYANOTOXIN 


SOURCE WATER 


LIVER FAILURE 


NITRATES 


SOURCE WATER 


ANEMIA 


ENDOTOXIN 


DIALYSIS UNIT 


PYROGENIC REACTIONS, 
CHRONIC INFLAMMATION 


COPPER 


DIALYSIS UNIT 


HEMOLYSIS, NAUSEA, 
VOMITING 


ZINC 


DIALYSIS UNIT 


HEMOLYSIS, NAUSEA, 
VOMITING 


CALCIUM, 

MAGNESIUM 


SOURCE WATER, 
MUNICIPAL WATER 


NAUSEA, VOMITING 






AAMI WATER QUALITY STANDARDS -2000 (DRAFT) 



SUBSTANCES IN DIALYSATE 



CALCIUM 


2 


MAGNESIUM 


4 


SODIUM 


70 


POTASSIUM 


8 


XIC SUBSTANCES (S DWA ) 


ANTIMONY 


0.005 


ARSENIC 


0.005 


BERYLLIUM 


0.0004 


BARIUM 


0 J0 1 


CADMIUM 


0.001 


CHROMIUM 


0.014 


CYANIDE 


0D2 


LEAD 


0.005 


MERCURY 


0.0002 


SELENIUM 


0 D 9 


SILVER 


0.005 


THALIUM 


0.002 



SUBSTANCES TOXIC IN DIALYSIS 



ALUMINUM 0 J0 1 

CHLORAMINES 0.10 

FREECHLORINE 0.5 

COPPER 0.10 

FLUORIDE 020 

NITRATE (as N) 2.0 

SULFATE 100 

ZINC 0.10 

MICROBIOLOGICAL CONTAMINANTS 
BACTERIA 200 

ACTION LEVEL 50 

ENDOTOXIN 2 

ACTION LEVEL 1 



CHEMICAL CONCENTRATIONS IN mg/L, BACTERIA CFU/ml, ENDOTOXIN EU/ml 






Vascular Access 



Types Of Vascular Access 



Arteriovenous fistula (AVF) 
Prosthetic bridge graft (PBG) 
Tunneled-cuffed catheter (TCC) 




A-V Fistula - Advantage 



Long term patency vs PBG 

* 67% better at age 4D 

* 54% better at age 50 

* 24% better at age 65 

Infection rate vs PBG 



# One -tenth 






Brachio-Cephalic Fistula 




Brachio-Basilic Fistula 








Prosthetic Bridge Graft 







Advantage: 


Disadvantage: 


- Wide applicability 


- Venous stenosis 


- Use early 


• Inadequate dialysis 


- Works well 


■ Recurrent thrombosis 


- Large sticking area 


• Limited life (50 -60% 
at 2 fears) 




- Infection 







Loop Graft 




Upper Arm Graft 



ZJ 



Straight Graft 







Tunneled Cuffed Catheter 



Advantage: 


Disadvantage: 


- Wide applicability 


- Poor flow 


- Easily placed 


- Loss of function 


- Use immediately 


- Infection 






Tunneled, 
Cuffed 
Catheter for 
Long-Term 
Use 









Types of Continuous Therapies 

• Continuous arteriovenous hemofiltration (CAVH) 

•Continuous venovenous hemofiltration (CWH) 

• Continuous venovenous hemodialysis (CWHD) 
•Continuous venovenous hemodiafiltration (CWHDF) 
•Slow low-efficiency diffusion hemodialysis (SLEDD) 
•Slow continuous ultrafiltration (SCUF) 






Continuous Arteriovenous Hemofiltration Set-up 








Indications for initiating Hemodialysis 



□ In patients with calculated creatinine clearance <20 ml/min/1 .73 m 2 the 
onset of: 

*Uremic symptoms 

Nausea/emesis 
Altered sleep pattern 
*Altered mental status 

Coma 

Stupor 

Tremor 

Asterixis 

Clonus 

Seizures 



Indications for Hemodialysis 



^Pericarditis or Tamponade (urgent indication) 
*Uremic platelet dysfunction (urgent indication) 
*Refractory volume overload 
*Refractory hyperkalemia 
*Refractory Metabolic acidosis with anuria 



□ Non renal : 

1. Sepsis 

2. Drug removal 

3. ARDS 

4 . Resistant CHF 

5. Tumor lysis syndrome 



THANK YOU 



